Detection and characterization of hyperfine-shifted resonances in the proton nuclear magnetic resonance spectrum of Anabaena 7120 ferredoxin at high magnetic fields.
This paper presents previously unobserved signals in the 1H NMR spectra of oxidized and reduced [2Fe-2S]-ferredoxin from Anabaena 7120 detected at 400, 500, and 600 MHz. The signals shifted to low field exhibited longitudinal relaxation (T1) values in the range of 100-400 microseconds and line widths in the range of 1-10 kHz (at 400 MHz), and the chemical shifts of all signals showed strong temperature dependence. Although the line widths were smaller at lower magnetic fields, the resolution was better at higher magnetic fields. In the oxidized state, a broad signal was detected at 37 ppm, which corresponds to at least 6 protons, and whose chemical shift exhibits positive temperature dependence. This signal also was found in oxidized ferredoxin reconstituted in 2H2O, which excludes the signal as arising from solvent-exchangeable amide protons. In the reduced state, four signals detected between 90 and 140 ppm exhibited negative temperature dependence. These consisted of two pairs of signals, each pair having one component with half the linewidth of the other. On the basis of their chemical shifts, linewidths, longitudinal relaxation properties, and temperature dependence we assigned these resonances to four of the beta hydrogens of the ligated cysteines. Two solvent-exchangeable hyperfine-shifted signals were found in the reduced state; these are located upfield of the diamagnetic region. The low-field hyperfine resonances of half-reduced ferredoxin in the presence of sodium dithionite showed a self electron transfer exchange rate that was slow on the NMR scale as observed earlier (Chan, T., and Markley, J. L. (1983) Biochemistry 22, 5982-5987), but the exchange rate was accelerated in the presence of methyl viologen.